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RESUMEN

Efecto de las altas presiones hidrostáticas y el trata-
miento térmico tradicional en las características físico-
químicas, microbiológicas y análisis sensorial de una 
mermelada de aceituna

En el presente trabajo se valoró el efecto del procesado 
por altas presiones hidrostáticas (HPP) como método alter-
nativo al tratamiento térmico de pasteurización en la merme-
lada de aceitunas. Para ello se comparó el efecto de ambos 
tratamientos sobre el producto procesado y se evaluó su es-
tabilidad durante el almacenamiento en refrigeración, me-
diante la caracterización de los aspectos físico-químicos, mi-
crobiológicos, y sensoriales. Para evaluar el efecto del 
procesado, se aplicaron dos tratamientos de HPP (450 y 
600MPa) y otro de pasteurización térmica (80 °C durante 20 
min), comparándose con el producto no procesado. Las 
muestras tratadas con HPP 600MPa presentaron, frente al 
resto de tratamientos una reducción en la presencia de mi-
croorganismos, mayor claridad y menor pardeamiento, y una 
mayor aceptación sensorial. El estudio de la vida útil del pro-
ducto en refrigeración, indicaría la viabilidad de la aplicación 
de la tecnología de HPP para obtener alimentos con vida útil 
similar a la obtenida con el tratamiento tradicional de pasteu-
rización, pero con mejor calidad sensorial.

PALABRAS CLAVES: Altas Presiones Hidrostáticas 
(HPP) – Análisis sensorial – Mermelada de aceituna – Mi-
crobiología – Pasteurización térmica.

SUMMARY

Comparative effect of high pressure processing and 
traditional thermal treatment on the physicochemical, 
microbiology, and sensory analysis of olive jam

In the present work the effect of the processing by 
high hydrostatic pressures (HPP) was assessed as an 
alternative to the thermal treatment of pasteurization in olive 
jam. The effects of both treatments on the product after 
processing were compared and stability during storage under 
refrigeration was assessed through the characterization of 
physicochemical, microbiological and sensory aspects. To 
assess the effect of processing, two HPP treatments (450 and 
600MPa) and thermal pasteurization (80 °C for 20 min) were 
applied, comparing them with the unprocessed product. HPP 
600MPa versus the rest of treatments showed a reduction 
in microorganisms, greater clarity and less browning, and 
sensory acceptance. The shelf-life of the refrigerated product 
would indicate the feasibility of the application of the HPP 

technology for food with similar shelf-life to that obtained with 
the traditional treatment of pasteurization, but with a better 
sensory quality.

KEY-WORDS: High Hydrostatic Pressure – Microbiology 
– Olive jam – Sensory analysis – Thermal pasteurization.

1. INTRODUCTION

In recent decades important advances in the 
application of technologies to food preservation 
and/or processing, alternative to the conventional 
thermal treatment processing have been made . 
Among them, we can mention the electrical pulses 
of high field strength (Soliva-Fortunya et al., 2009), 
by supercritical fluid extraction (Reglero et al., 
2005), osmotic dehydration (Rastogi et al., 2005) 
or high hydrostatic pressure (Mor-Mur, 2010). 
The main requirement to be met by these new 
technologies is to guarantee the microbiological 
safety of the products, as well as preserve their 
sensorial and nutritional characteristics to obtain 
products with a greater similarity to fresh food 
(Deliza et al., 2007). 

The first research of the effect of high pressure 
on food was carried out in the 19th century by Hite 
(1899), who described an increase in the self-life 
of certain foods such as milk and fruit. However, 
the scientific development of this technology, its 
application in the food industry, and the marketing of 
food are much newer and have occurred in the last 
two decades. At this point, the application of high 
hydrostatic pressures (HPP) in the conservation 
of foods has received special attention as a viable 
(economically and technologically) alternative to 
thermal processes (Patterson, 2005) in order to 
obtain safe food, to maintain better organoleptic 
or nutritional characteristics and to reduce the 
use of synthetic preservatives. Processing by 
high hydrostatic pressure seeks, in the majority 
of cases, to lengthen the life of foods due to the 
microbial and enzymatic inactivation caused by 
pressure and the pressure-temperature while the 
negative consequences of conventional thermal 
treatments are avoided (Barbosa-Cánovas et al., 
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the part of consumers, with minimum processing 
and free of additives. The effect of the HPP can 
vary depending on the conditions of the process 
(pressure, time of storage, pH and temperature) and 
shape of foods (complete, chopped, puree or juice). 
The food matrix may be altered by these variables; 
therefore they can influence the effectiveness of the 
process. The type of plant material (i.e., species) 
is also important (Wolbang et al., 2008), but not 
much is known about the impact on the quality of 
foods produced from olives after HPP treatment. 
In addition, the studies carried out so far include 
a study of shelf-life reduced in time. The objective 
of the present work is to study the effect that HPP 
treatment and thermal treatment have on microbial 
safety, color and other sensory characteristics 
such as appearance, flavor, texture and aroma in 
an olive jam free of synthetic preservatives; and to 
assess the stability of the product during 18 months 
of storage.

2. MATERIAL AND METHODS

2.1. Olive jam processing

Olive jam was elaborated from commercial 
green pitted table olives of the Carrasqueña variety 
packed in brine at a high concentration. The olives 
were washed and drained in order to obtain a 
product with a suitable salt content (soaked in 
water for 90 minutes, changing the water every 
30 minutes). Later they were cut with a kitchen 
robot (Thermomix TM31-1, Vorwerk, Germany) 
for 10 minutes at maximum power, while adding 
(500 mL Kg–1) freshly squeezed orange juice 
as acidifying agent and sugar (450 g Kg–1) as 
an effective natural additive for preservation, to 
develop a total of 10 kg of olive jam. The olive mass 
obtained was left to macerate for 24 hours and 
subsequently heated to 100 °C, letting it cook for 30 
minutes, stirring frequently until reaching 48 °Brix. 
Next, the packaging of the samples was done in two 
different ways depending on the processing applied 
to the product. For the application of high hydrostatic 
pressure treatment, the product was packaged to 
vacuum (Gustav Müller VS 100, Germany) in heat-
sealed plastic trays of 250 g. For the application 
of the thermal treatment of pasteurization, the jam 
was packaged in glass bottles of 125 g, similarly 
to how it is performed at industrial level. After the 
thermal pasteurization and the HPP, the samples 
were stored under refrigeration conditions (4 °C) in 
the dark for 6 and 18 months.

2.2. Experimental treatments

2.2.1. Thermal treatment: Pasteurization

Batches of jam, in glass bottles of 125 mL, were 
pasteurized in a rotary horizontal autoclave of 300 L 
(Chaconsa, Murcia, Spain) at 80 °C for 20 minutes 
at the center of the product. The temperature was 

2008). This type of processing can cause changes 
in interactions inter and intra-molecular, which can 
induce conformational changes in macromolecules. 
In this way the reversible and irreversible 
denaturation of proteins occurs (Heremans and 
Smeller, 1998) as well as the enzymatic activation 
(Asaka et al., 1993) and inactivation (Hendrickx 
et al., 1998; Buckow et al., 2005). This process is 
isostatic, i.e., the pressure is transmitted evenly 
and instantly, and adiabatically, which means 
that the shape or the size of the food does not 
matter (Wilson et al., 2008). This prevents food 
from becoming deformed which could modify 
its organoleptic properties. The effectiveness 
of this type of treatment against pathogenic 
organisms is due to the effect of high pressures 
on the morphology, structure and functionality 
of the cellular membranes (alterations of cellular 
permeability and ion exchange), metabolism and 
mechanisms of division of microorganisms. The 
resistance of the microorganisms is highly variable, 
depending mainly on the type of organism and 
food matrix involved, for example, the spores are 
highly resistant to inactivation. Thus, yeasts, fungi 
and vegetative cells of bacteria may be inactivated 
by pressures within the range of 200 to 700MPa. 
Through this type of processing the preservation 
of the organoleptic and sensorial characteristics 
of “fresh” or unprocessed foods is facilitated, and 
the nutritional value is maintained because it is a 
less aggressive treatment for vitamins and other 
compounds with antioxidant activity that play a 
primary role in health (Oey et al., 2007). This is due 
to the fact that pressure breaks links by bridges of 
hydrogen but it does not break the covalent links 
of the compounds, which prevents changes in the 
chemical composition of foods. This explains why 
chemical composition and sensory analysis of food 
treated by high pressures are usually similar to non-
treated products, in terms of texture, aroma and 
color, and changes are lower than those observed 
from thermal treatments (Mclnerney et al., 2007; 
Oey et al., 2007).

Olive jam is a product with a traditional 
preparation that promotes diversification of the 
olive market and helps to reduce surplus in 
the sector. Since olives are fruits with a high 
functional potential due to the presence of oleic 
acid (Hargrove et al., 2001) and other biological 
substances such as tocopherols, polyphenols 
and phytosterols which have antioxidant and 
anti-inflammatory properties (Acín et al., 2007; 
Conforti et al., 2009); the search for processing 
technologies that promote the consumption of 
these fruits becomes necessary. The application 
of thermal treatment for the preservation of jam, 
in some cases, produces a browning of the 
product and can lead to an unpleasant aspect for 
consumers; however the application of another 
type of processing could improve the final quality 
of the product. High pressure processing has 
acquired particular importance in recent decades, 
due to the growing demand for safe products on 
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performed in half Chromocult (MERCK) incubated 
for 24 h at 37 °C. The count of Bacillus cereus was 
made by Pascual-Anderson and Calderon-Pascual, 
2000. For the research and count of sulfite-reducing 
clostridia of both vegetative forms and sporulated 
forms the procedure followed the indications given 
by Pascual-Anderson and Calderon-Pascual 
(2000). The presence or absence of Salmonella 
and Listeria monocytogenes was confirmed 
following EN ISO 6579: 2002 and EN ISO 11290-
1:1996, respectively.

2.3.3. Instrumental color

Instrumental color was measured in a 
Konica Minolta Spectrophotometer CM-3500d 
(Aquateknica, S.A., España). The measurement 
of reflectance was carried out along the (380nm-
770nm, ∆l2nm) visible spectrum, geometry d/8, 
measuring area 8 mm (8 mm diameter and 10 
mm thick quartz cuvettes) 10th with the primary 
illuminate D65 observer pattern. The parameters 
of color corresponding to space CIELab (L*, a* 
& b*) were determined using the Spectra Magic 
3.6.1. software. In addition to the psychophysical 
parameters, chromaticity [C* = (a*2 + b*2)0.5] and 
angle of the tone or hue [hab = arc tan (b*/a*) 
(360/2p) (CIE, 2004) were calculated. Each color 
measurement was made in triplicate. In order to 
evaluate changes after processing and changes 
after storage, color differences (∆E*ab), were 
calculated as the Euclidean distance between two 
points in three-dimensional space defined by L*, a* 
and b*using the following equation:

∆E*ab = [(∆L*)2 + (∆a*)2 + (∆b*)2]1/2

2.3.4. Sensory analysis

Processed olive jams from different experimental 
treatments were organoleptically evaluated by a 
select panel of judges with extensive experience in 
the sensory analysis of food for the research and 
control of quality (ISO 8586-2: 2008). The number 
of tasters was 23, of both sexes (balanced) and 
between 25 and 55 years old. The evaluations 
were carried in cabins of individual tests in a tasting 
room (ISO 8589: 2007). The number of analyses 
proposed was five, divided into five sessions of 
one hour each always starting at 10 in the morning. 
The tasters were given a 20 g sample of jam on 
white plastic trays labelled by a random three-digit 
encoded number. The sensory evaluation was 
carried out with an elaborated card for this study 
which evaluated the descriptors: appearance, 
flavor, texture and aroma of processed jams. For 
the evaluation of the descriptors, the tasters used 
an informal scale of 10 cm long where the score for 
each processed jam was applied (0 = “I don’t like 
it” to 10 = “I like it very much”). The results of the 
sensory evaluation were estimated by the median, 
valid when the coefficient of variation was less than 
20. Control samples were not tasted.

recorded with a Dataloger ebro-electronicGmbH & 
Co.KG probe (Ingolstadt Germany). 

2.2.2. High pressure processing (HPP)

For application of treatments, commercial 
equipment of high hydrostatic pressures was used 
(NC hyperbaric Wave 6000/55 Burgos, Spain). 
It is semi-industrial equipment with a capacity 
of 55 L, which applies a maximum treatment of 
600MPa/6000bar. Initial water temperature in the 
vessel was 10 °C. Decompression of the product 
was almost instantaneous. Samples were treated 
at 450 or 600MPa for 5 min. Two treatments of HPP 
were applied; one lot was subjected to an intensity 
of 450MPa and the other one at 600MPa, both for 
a period of 5 minutes. Times to reach 450MPa or 
600MPa were 188 s and 230 s, respectively. 

2.3. Analysis

4 samples per experimental treatment and day 
of storage were analyzed (n=4) with a total result 
of 48 samples. Half of the processed samples 
were analyzed the following day through thermal 
treatment or HPP, to evaluate the effect of the 
treatment, while the other half was stored in a 
cooling chamber (4 °C) in darkness, up to 6 and 
18 months to assess the effect of storage and 
treatments on the processed products. All analyses 
were performed on fresh samples.

2.3.1.  pH, Titratable Acidity (TA) and Soluble  
Solid Content (SSC)

The measurement of the pH was determined 
with a digital pH meter Crison micro ph2011 
(Barcelona), equipped with probe. C.A.T. TA was 
assayed by titration with 0.1 N NaOH (sodium 
hydroxide) to an end point of pH 8.1 in a Mettler 
Toledo DL50 graphix automatic titrator (Mettler 
Toledo, SAE, Coslada, Madrid, Spain) and 
expressed as g malic acid per 100 g of fresh weight. 
Soluble Solid Content (SSC) was determined with a 
Mettler Toledo RE40 refractometer (Mettler Toledo, 
SAE, Coslada, Madrid, Spain) and reported as 
ºBrix. The determinations were made in duplicate 
for each sample.

2.3.2. Microbiology analysis

Microbial analyses were performed in order to 
test the effectiveness of HPP and thermal treatment 
at day 1 and the changes during 6 and 18 months 
of refrigerated storage. The quantification of the 
mesophilic aerobic microorganisms was performed 
by ISO 4833: 1991. The microbiological analysis 
of feasible psychrotrofic microorganisms was 
determined by Pascual-Anderson and Calderon-
Pascual, 2000. Mould and yeast counts were 
measured by ISO 7954:1988. The determination 
and quantification of Escherichia coli was 
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treatment showed the highest values. Note that 
pH values were low enough, for that reason food 
achieved its stability due to its acidity, apart from 
inhibiting the activity of various enzymes present in 
the product, such as hydrolases, lipoxigenases and 
others (Kalua et al., 2007). Schwartz et al. (2009) 
indicated regarding olive paste that controlling the 
microbial count of foods at pH below 4.5 is possible. 
The acidity values just show evolution after storage 
in the case of control samples, being higher after 
six months. With regard to the differences among 
treatments, they appeared after six months of 
storage in which the control samples showed the 
highest values. However, after eighteen months, 
the HPP 450MPa showed the most optimal values 
for this parameter. The SSC content in jams after 
thermal and HPP (450MPa) treatment showed an 
increase after storage and this may be due to the 
consumption of these sugars because of microbial 
growth, as illustrated in Table 2. The thermal 
treatment after the elaboration presented the 
highest value in °Brix and HPP 600MPa samples 
presented the lowest values and this may be due 
to the reaction of sugars with other compounds. 
However, the thermal treated samples presented 
the same values as the HPP samples 450MPa 
after eighteen months of storage, with the lowest 
values found for the HPP 600MPa . Garcia-Parra 
et al. (2011) observed significant differences in pH, 
acidity, and ºBrix for nectarine puree due to the 
type and conditions of processing and the day of 
elaboration of the product, while after 20 and 60 
days of elaboration these differences were equal 
among experimental treatments. These authors 
indicate that the decrease in pH and ºBrix observed 

2.4. Statistical analysis

The differences associated with the type of 
processing applied and during storage were 
analyzed using the ANOVA (one-way analysis of 
variance) procedure of SPSS, Version 17.0 (SPSS 
Inc., Chicago, IL). The HSD Tukey test was applied 
to compare the mean values when ANOVA showed 
significant differences. Mean values with standard 
deviations are reported.

3. RESULTS AND DISCUSSION

Table 1 shows the values for pH , acidity and 
the total soluble solid contents (SSC) in the olive 
jam. Initial control jams and those treated showed a 
pH that ranged from 3.92 to 4.00; after six months 
of storage, all analyzed samples had values with 
a significantly higher pH. This may be due to 
the development of bacteria that gave rise to a 
fermentation process that causes an increase in pH, 
because these microorganisms consume the lactic 
acid formed and they produce a mixture of acetic 
and propionic acid which are weaker and cause 
the pH increase mentioned before (Cancho et al., 
1980). On the contrary, the samples analyzed after 
18 months reversed this trend, decreasing the pH 
values significantly to the initial values of the day of 
elaboration, except in HPP 600MPa where pH was 
significantly higher. The day of elaboration of the 
olive jam, the control treatment showed ph values 
significantly lower than the rest of the treatments. 
After 6 months of storage there were not significant 
differences between different experimental 
treatments, while after 18 months the HPP 600MPa 

Table 1
pH, Titrable Acidy (TA) and Soluble Solid Content (SSC) changes in a high pressure and thermal treated 

olive jam during storage

Untreated Thermal APH (400 MPa) APH (600 MPa)
P

Mean DE Mean DE Mean DE Mean DE

Day 1

pH  3,92 a A ± 0,01 3,97 b A ± 0,01 4,00 b A ± 0,02 3,98 b A ± 0,02 0,01

AT (%)  0,30 ns A ± 0,01 0,30 NS ± 0,01 0,31 NS ± 0,01 0,31 NS ± 0,03 0,64

SST 38,0 ab NS ± 0,64 39,5 b B ± 1,45 38,3 ab B ± 0,24 37,3 a NS ± 0,34 0,02

6 Months

pH 4,19 ns B ± 0,03 4,20 B ± 0,00 4,19 B ± 0,00 4,19 C ± 0,01 0,03

AT (%) 0,34 b B ± 0,01 0,31 a ± 0,01 0,31 a ± 0,00 0,32 a ± 0,01 0,00

SST 37,6 ns ± 0,39 37,5 A ± 0,88 37,4 A ± 0,94 37,4 ± 0,15 0,98

18 Months

pH – 3,99 a A ± 0,02 4,00 a A ± 0,02 4,07 b B ± 0,03 0,00

AT (%) –  0,34 b ± 0,01 0,30 a ± 0,01 0,30 b ± 0,17 0,00

SST – 36,9 a A ± 0,12 36,2 a A ± 0,12 37,6 b ± 0,20 0,00

Different small letters in the same row indicate statistically significant differences (Tukey’s Test, p < 0.05) among treatments. Different 
capital letters in the same column indicate statistically significant statistical differences (Tukey’s Test, p < 0.05) during storage.  
SD: standard deviation.
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of elaboration of the jam after the application of 
experimental treatments, including the control 
group, indicated that the microorganisms studied 
were found below the limit of detection of the 
method and they also showed an absence of 
pathogens, Salmonella and L. monocytogenes. 
These results are consistent with those obtained 
by Sánchez et al. (2012), after the application of 
HPP and the thermal pasteurization treatment in 
an olive paste, obtaining an effective inactivation 
of moulds and yeasts, as well as a reduction in 
psichrotrophic microorganism counts. Garcia-
Parra et al. (2011) pointed out that the application 
of HPP and thermal pasteurization treatments 
were sufficient to maintain microbiological stability 
in Nectarine puree for more than 60 days of 

during storage in all treatments and the growth of 
microorganisms in the processing was probably 
due to a lactic fermentation of sugar that acidified 
the product. Schwartz et al. (2009) also indicated 
a decrease in pH during the storage of an olive 
paste, indicating that this was probably due to the 
presence of microorganisms which produce lactic 
acid and lower the pH.

The effect of the high-pressure and the thermal 
treatment on the inactivation of microorganisms of 
olive jam during refrigerated storage is shown in 
Table 2. In it the results of microbial inactivation 
after thermal pasteurization and high hydrostatic 
pressure treatments in olive jam the day of 
elaboration and after 18 months are collected. 
The microbiological analyses carried out the day 

Table 2
Microbiological changes (log UFC/gr) of a high pressure and thermal treated olive jam during storage

Untreated Thermal APH (450 MPa) APH (600 MPa)
P

Mean SD Mean SD Mean SD Mean SD

Day 1

Mesophilic ND ND ND ND 0,00

Psycrotropic ND ND ND ND 0,00

Moulds and yeasts ND ND ND ND

Escherichia coli ND ND ND ND

Bacillus cereus ND ND ND ND

Sulfite-reducing clostridia ND ND ND ND 0,00

Salmonella Abs.  Abs. Abs. Abs. 0,00

Listeria monocytogenes Abs.  Abs. Abs. Abs. 0,06

6 Months

Mesophilic 2.5 a ± 0.30 ND 1.4 b ± 0.10 ND 0,00

Psycrotropic 2.0 a ± 0.20 ND ND ND

Moulds and yeasts ND ND ND ND

Escherichia coli ND ND ND ND

Bacillus cereus ND ND ND ND 0,00

Sulfite-reducing clostridia ND ND ND ND 0,00

Salmonella Abs.  Abs. Abs. Abs. 0,00

Listeria monocytogenes Abs.  Abs. Abs. Abs. 0,00

18 Months

Mesophilic – 1.0 a ± 0.01 1.5 b ± 0.20 ND 0,00

Psycrotropic – ND 1.3 b ± 0.40 ND

Moulds and yeasts – ND 1.9 b ± 0.60 ND

Escherichia coli – ND ND ND

Bacillus cereus – ND ND ND 0,00

Sulfite-reducing clostridia – ND ND ND 0,00

Salmonella –  Abs.  Abs. Abs. 0,00

Listeria monocytogenes –  Abs.  Abs. Abs. 0,00

Different small letters in the same row indicate stastically significant differences (Tukey´s Test, p<0.05) among treatments. Abs: absence 
in 25 g. ND: Non-detected (below detection limit). SD: standard deviation.
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treatment was the one with the lowest values of 
microbiological inactivation. In addition, these 
researchers indicated that the thermal treatment 
showed the highest microbiological stability at the 
end of storage.

In general, the olive jam microbiological load 
was much lower than that found in other agri-food 
products (olive paste, nectarine puree), prepared by 
other researchers (Schwartz et al., 2009; García-
Parra et al., 2011; Sánchez et al., 2012). This may 
be due to the fact that the previous pre-treatment 
could have reduced the level of microorganisms 
before the packaging of the product and the 
implementation of experimental treatments. In 
addition, the high concentration of added sugar in 
the olive jam prepared could have contributed to 
maintaining the same stability during storage due 
to the osmotic phenomenon; sugar penetrates the 
tissues of the fruit and water is released from it until 
a balance in the concentrations of both is reached. 
Thus, as a result of water loss in the fruit, water from 
food is dramatically reduced. This reduction in water 
in the tissues of the fruit prevents microbial growth 
and allows for preservation. Micro-organisms, 
under the effect of the osmotic pressure, lose water 
and there is a dislocation of the tissues, causing 
the cells’ death. Therefore, the preservation of olive 
jam occurs due to various factors that act together 
and increase the shelf life of the food such as the 
reduction in the water activity of the product by the 
addition of sugar, the initial thermal treatment that 
reduces the original microbial load of the jam, the 
high acidity of the jam (addition of fresh orange 
juice), the application of pressure temperature 
treatment after the manufacturing of the product 
and vacuum packaging.

Changes in the instrumental color of olive jams 
due to processing and its evolution during storage 
are shown in Table 3. In a general way and after 
six months of storage the clarity parameter (L*) 
remained stable for the control treatment as well as 
for HPP treatments; however, the thermal treated 
samples and those treated by HPP 450MPa lose 
clarity after 18 months of storage, this decrease 
being continuous from the first day of elaboration in 
the case of thermal treatment and after six months 
in the case of HPP 450MPa. This decline can be 
attributed, as García et al. (1999) pointed out, to 
the oxidation of polyphenols which may entail a 
higher browning of the samples. Thus, Schwartz 
et al. (2011) used the value of L* as an indicator 
of browning in vegetables. These authors observed 
a decrease in the colorimetric L* parameter in 
the olive paste during storage, probably due 
to the oxidation of polyphenols. The chromatic 
coordinate a* (red-green) experiences, after six 
months of storage and comparing to the first day 
of elaboration, a significant increase in the control 
samples just as the rest of the samples subjected 
to different treatments. Similar results were 
obtained by Krebbers et al. (2003) after subjecting 
tomato juice to HPP and combined thermal 
treatments. These authors attributed the increase 

storage. After six months of cold storage, control 
samples experienced an increase in the number of 
mesophyll and psichrotrophic microorganisms of 
2.5 ± 0.3 and 2.0 ± 0.2 log UFC·g–1 respectively. 
Likewise, the count of mesophyll in olive jams 
under HPP 450MPa for 5 min presented a growth 
of 1.4 ± 0.1 log UFC·g–1, indicating that this 
experimental treatment had a moderate effect on 
microbial inactivation of this finished product. This 
result was significantly lower than the one obtained 
in the control samples, however both are within the 
value guidelines set in the Codex Alimentarius for 
the consumption of this product. It is interesting to 
note that in thermal and HPP 600MPa treatment 
a microbial proliferation was not observed after 
six months of cold storage at 4 °C. Sánchez et al. 
(2012) observed after the cold storage of an olive 
paste for 1 month, that the microbial counts of 
aerobic mesophyll, psichrotrophs, Escherichia 
coli and total enterobacteria held steady in HPP 
and thermal treatments. Untreated jam (control) 
samples were ruled out due to a perceptible 
microbiological deterioration after cold storage 
for eighteen months. Schwartz et al. (2009) found 
similar results for spreadable olive paste stored in 
cold storage and at room temperature. Sánchez 
et al. (2012) observed an increase in the counts 
of moulds and yeasts of 4.5 logarithmical units. 
Therefore, it should be noted that olive jam requires 
the application of a treatment in order to provide a 
more commercial life of the product and minimize 
microbiological risks, since without it, the product 
does not meet health and hygiene conditions for 
consumption. For the rest of the evaluated samples, 
a microbial growth in olive jams under HPP 450MPa, 
with similar values (p > 0.05) to those found in this 
same treatment after six months of storage was 
observed. Jams under HPP 600MPa treatment 
presented the best microbiological quality, as no 
microorganism was detected, providing a higher 
microbiological safety than samples thermally 
treated, with counts of 1.0 log UFC·g–1. In general, 
olive jams processed by both HPP and thermal 
treatment presented a reduction in the counts of 
microorganisms analyzed with respect to control 
jams. In addition, the elimination of microorganisms 
was more intense in treatments at higher pressures 
(600MPa vs 450MPa). This may be due to the fact 
that the HPP induced morphological, biochemical, 
and genetic changes in the membrane and the cell 
wall of microorganisms, which lead to changes in 
their operation and reproduction (Cheftel, 1992; 
De Lamo et al., 2004), provoking their death. 
Thus, this lowest count may also be due to the 
acidic pH of the product (≈ pH 4) (Table 1), which 
strongly raises organisms subjected to high 
pressures and favors physiologically compromized 
microorganisms after HPP treatment not to survive 
during the subsequent cooling (Carlez et al., 1994; 
Patterson et al., 1997; Tewari et al., 1999), taking 
a decisive role in the microbiological stability of 
this natural product. García-Parra et al. (2011) 
indicated in nectarine purees, that the HPP 450MPa 
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in control samples and in those treated by HPP, 
while those thermally treated behave in the 
opposite way. On the day of elaboration, thermal 
treated jams presented values significantly lower in 
L*, b*, C*ab and hab parameters, with respect to the 
control samples and those subjected to HPP, and a 
value significantly higher than after 6 months from 
preparation. The same differences among control 
samples and those thermally and HPP processed 
were found and L*, b* y C*ab parameters showed 
the same behavior. However, thermal treated 
jams showed values significantly lower than a* 
and higher than C*ab. After 18 months of storage, 
the processed samples at 600MPa had higher 
values than L*, a*, b* y C*ab, while no significant 
differences were found for the hab value. In the 
same way, Garcia-Parra et al. (2011) indicated in 
nectarine puree during storage that the application 
of high hydrostatic pressure treatments was more 
stable with respect to colorimetric parameters than 
in thermal pasteurization treatments. These authors 
pointed out that the high hydrostatic pressures 
have a limited effect on the pigments responsible 
for the color of fruits and vegetables (Oey et al., 
2008). After individually analyzing the colorimetric 
parameters in order to evaluate the colorimetric 
involvement attributable to the different treatments 

in the coordinate to the effects of compaction 
and homogenization arising from HPP treatment. 
The chromatic coordinate b* (yellow-blue), after 
six months of storage, presented statistically 
significant decreases for the control samples and 
for those subjected to thermal pasteurization and 
HPP treatment. In the period from 6 to 18 months 
of storage only HPP 450MPa treatment showed 
significant decreases in that parameter. On the 
other hand, the psycho-physical chromaticity 
parameter (C*ab) evolved in the same way as the 
chromatic coordinate b* after six months of storage. 
From 6 to 18 months of storage only samples 
treated by HPP showed significant drops in the 
chromaticity. The samples subjected to thermal 
treatment presented in general, b* and (C*ab) values 
lower than those found in the samples treated by 
HPP. This could confirm that thermal treatment 
causes a higher degradation of green pigments 
that provide coloration to the jam, probably due 
to an oxidative phenomena, polymerization of 
polyphenols or microbial degradation (Arroyo et al., 
2008; Arroyo et al., 2009). In this sense Oey et al. 
(2008) pointed out that high hydrostatic pressures 
have a limited effect on the pigments which are 
responsible for the color of fruits and vegetables. 
The hab tone psycho-physical parameter decreases 

Table 3
Instrumental color changes of a high pressure and thermal treated olive jam during storage

Untreated Thermal APH (450 MPa) APH (600 MPa)
P

Mean SD Mean SD Mean SD Mean SD

Day 1

L* 44,3 b NS ± 0,20 42,4 a C ± 0,51 44,5 b B ± 0,20 44,2 b NS ± 0,49 0,00

a* –1,75 a A ± 0,05 –1,31 b A ± 0,05 –1,88 a A ± 0,11 –1,76 a A ± 0,17 0,00

b* 28,8 b B ± 0,37 25,0 a B ± 0,40 28,8 b C ± 0,38 28,9 b B ± 0,49 0,00

C*ab 28,8 b B ± 0,37 25,0 a B ± 0,41 28,9 b C ± 0,39 28,9 b C ± 0,49 0,00

hab 93,5 b B ± 0,07 87,0 a A ± 0,53 93,7 b B ± 93,73 93,5 b B ± 0,35 0,06

6 Months

L* 44,1 b ± 1,00 41,0 a B ± 0,10 44,1 b B ± 1,10 43,6 b ± 0,60 0,00

a* 0,20 b B ± 0,10 –0,20 a B ± 0,10 0,10 b B ± 0,20 0,30 b B ± 0,10 0,00

b* 26,7 b A ± 1,40 19,6 a A ± 0,80 27,0 b B ± 1,20 26,9 b A ± 0,60 0,00

C*ab 26,7 b A ± 1,40 19,6 a A ± 0,80 27,0 b B ± 1,20 26,9 b B ± 0,60 0,00

hab 89,5 a A ± 0,20 90,5 b B ± 0,20 89,7 a A ± 0,40 89,4 a A ± 0,30 0,00

18 Months

L* – 36,5 a A ± 1,51 35,5 a A ± 1,08 42,7 b ± 0,77 0,00

a* – 0,28 b C ± 0,19 –0,09 a B ± 0,19 0,30 b B ± 0,23 0,00

b* – 18,2 a A ± 1,54 18,2 a A ± 1,36 25,1 b A ± 0,96 0,00

C*ab – 18,2 a A ± 1,85 18,2 a A ± 1,36 25,1 b A ± 0,95 0,00

hab – 89,1 ns A ± 0,43 90,3 A ± 0,73 89,3 A ± 0,53 0,00

Different small letters in the same row indicate statistically significant differences (Tukey´s Test, p<0.05) among treatments. Different 
capital letters in the same column indicate stastically significant differences (Tukey´s Test, p<0.05) during storage. SD: standard 
deviation.
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differences. Kouniaki et al. (2004) and Oey et al. 
(2008) showed similar results. These researchers 
indicated that changes in the chemical composition 
and sensory analysis of food treated with high 
pressures are lower than the changes observed in 
those subjected to thermal treatment, with respect 
to “fresh” or unprocessed foods. Similar results 
were obtained by several researchers (Sánchez 
et al., 2012) for olive pate. On the other hand, 
Schwartz et al. (2009) pointed out that in olive paste 
treated by thermal pasteurization, temperature and 
storage did not affect the acceptability or the quality 
of the product, indicating that it is beneficial since 
the paste maintains the same acceptability over 
time and that it can be stored in cold temperatures. 

4. CONCLUSION 

The application of high hydrostatic pressure 
treatments for the conservation of olive jam is an 
improvement in thermal treatment quality especially 
when greater intensity of pressure (600MPa) 
treatments are applied, because the presence of 
microorganisms is reduced to a greater extent. In 
addition, these jams present greater clarity (L*) and, 
consequently, less browning and less differences in 
color (∆E*ab), which is a significant improvement in 
the quality of the final product.
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